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Experimental　Studies　on　Methfonine　as　a
　　　　　　　　　　　　　Lipotropic　Factor
IV．　Effect　of　Methionine－Administrations　on　Liver　Function
　　　　　　　in　Dogs　with　Experimental　Hepatic　lnjuries
By
　　　　　　　　　　　　　　　　　　TE’rug，　i・io　ANzAi
P（mpα？伽θ箆‘げTnteTnα1　Medticine，　sαmpo7・0σ偏”粥吻qプ1匠臨。伽
　　　　　　　　　　　　　　（Chief’：　PrQf7．　S．　Zt　itti，fo7’D）
　　　　　　　　　　　　　　1皿trod一且ctio皿
　　Methionine，　as　one　of　the　so－called　lipotropic
factors，　is　nowadays　in　wide　use　in　medical
therapy　of　various　liver　diseases．　lt　seems，
however，　to　be　an　interesting　probletn　to　inquire
into　its　curative　or　prophylactic　effect，　especially’
with　respect　to　every　partia1　function　of　the
liver．　Much　remains　stil“；o　be　kno　wn　in　regard
to　the　question　of　what　mode　of　proteetive
action　may　be　carried　on　by　methionine，　against
the　decrease　of　sera皿　cholinesterase　activity
due’@to　hepatic　impai’rment．　’1“he　author　ha’s
hitherto　．investig’ated　the　functional　states　of
Iivers　in　nor皿al　dogs，　and　their　changes　by
hepatic　i皿pairrnent　due　to　chloroform　injecrions，
bringing　serous　cholinesterase　into
the　present　paper，　the　effect　of
administered　methionine　upon，　these
is　to　be　discussed．
　　　　　　　　　Materials　and　Methods
　　Experimental　animals，　and　the
liver　function　tests　used　were　in
with　those　’which　were　app］ied　in
and　the　third　issues．　Hepatic　inj
fo us．　ln
previously
　　changes
chloroform　injection，　and　on　lst，　3rd，　5th，　7th
and　10th　day　after　chloroform　injection．
　　　　　　　　　　　　　　　　　Results
　　Scarcely　any　difference　can　be　recognized
between　the　changes　in　the　general　conditions
o 　the　anima s　whe：n　methionine　was　pre一
皿edicated， and　when　hepatic　injury　was
provoked　without　any　pre－medication，　which　has
already　been．　r ported　in　the　last　issue．　The
：cesults　of　each　liver　fanction　tests　are　as
follow 　：
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　　　　　 　　　　　　　 　　　　　　　　 　　　　　　 the　second
　　　　 　　　　　　　　　　　　　　　　　　　　　　　mJurles　were
invited　by　ehloroform，　its　dosis　and　the　method
of　application　were　in　line　with　those　reported
in　the　prev．ious　issues．　DL－Methionine　was
used　as　the　lipotropic　factor，　which　was
administered　t3　g　Pro　die　for　ten　days　P2r　os
（amounting　to　30　g　in　total），　together　with　the
basic　diet，　prior　to　the　chloroform　injections．
Liver　function　tests　were　practised　prior　to
and　after　methionine　administration　before
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　1）　BSP　Test　：　As　designated　in　Figure　1，
BSP　retention　inereased　by　hepatic　injury　due
o c loroform，　indicating　the　皿ean　value　at
ユ9．96％　（contro1ユ7．57％）on　the　next　dε↓y　after
injection，　and　1．ater，　it　deseended　slowly　with
he residual　impair皿ent　with　the　mean　value
a 　6．15％　（control　5．53％）　after　10　days．　These
values　ind cated　scarcely　any　distinction　as
co皿pared　with　the　data　obtained　by　hepatic
nju y　withollt　any　pre－medication　of皿ethionine．
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　　2）　Serum　Cobalt　Reacti・on：　As　indicated
in　Figure　2，　no　set　rule　could　be　detected　in
the　alterations　of　serum　cobalt　reactiQn，　which
is　in　conformity　with　control　experi皿ents．　No
probab工e　tendency，　therefore，　which　may　be
regarded　as　the　effect　of　methionine－medication，
could　be　observed．
　　　　　　　　　　　　　　　　　　　　　　　ラadminis亡ration　prior　to　the　hepatic　injury．
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Serum　alkaline　phosphata＄e　activity．
Tdme　，”　DaJ，
ChE
20
ss
le
5
if1g，！bt11ytLLenine　．Cklotufbtm
e／
一
｝o　Ttnein　Otzys
　　4）　Serum　Alfealin／e　PhosPhatase　Activity：
As　shown　in　Figure　4，　decreased　serum　alkaline
phosphatase　activity　was　generally　observed　by
methionine－administration，　and　subsequently，
the　serous　value　of　the　enzyme　increased　after
chloroform　injection．　The　rate　of　increase，
however，　was　generally　slight，　with　the　highest
value　of　the　average　curve　at．　9．94　（3　days
after　chloroform　injection），　while　the　value　in
the　control　experiment　was　11．88　（5　days　after
chloroform　injection）．
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Fig．　3．　Serum　cholinesterase　activity．
　　3）　S：erum　Cholinesterase　Activity　：　ln
co皿parison　with　the．　abovementioned　two
procedures，　serum　cholinestera＄e　estimation
had　a　marl〈edly　different　aspect．　As　desigriated
in　Figure　3），　a　decreased　activity，　which　was
observed　in　the　control　experiments，　reported
in　the　last　issue，　could　no　more　be　reocgnized．
Moreover，　the　initial　increase　of　the　activity，
as　a　trans’：ent　phenomenon　previous　to　the
decrease，　which　had　been　conspicuous　in　the
control　experiments，　was　relatively　in　a　modest
way　in　the　present　report．　Besides，　seru皿
cholinesterase　activity　generally　indicated　a
tendency　to　increase，　owing　to　the　methionine一
Disc”ssion
　　Since　Tucker　and　Eckstein’），　it　is　universally
known　that　methionine　is．　the皿ost　important
one　of　the　so－called　lipotropic　factors，　defined
by　Best　and　o hers2）．　As　to　the　mechanism　of
action　of　methionine，　it　is　elucidated，　according
o the　transmethy　lation－theory　of　Du　Vigneaud
and　ot ers3），　that　methionine　exerts　its　lipotropic
eff c 　by　dona ing　its　labile　methyl－group　to
th biosynthesis　of　choline．　lt　was　Beattie　et
al．‘）　and　Eddy5）　who　applied　methionine　for　the
first　time　to　treat　toxic　hepatitis　due　to　ehlo－
roform，　carbon　tetrachloride　etc．　According　to
Eddy， a　prompt　decrease　in　size　of　the　enlarged
liver　was　observed　as　convincing　evidence　of　its
favorable　a tion．　According　to　the　experiences
with　 xper rnental　carbon　tetrach工oride一
1）　Tueker　＆　Eekstein　：　J．　Biol．　Chem．　121，　479　（1937）．
2）　Best，　C．　H．　et　aL：　」．　Physiol．　75，　56　（1932）．
3）　Du　Vigneaud　et　al．：　J．　Biol，　Chem．　131，　57　（1939）；
　　138，　787　（1940）　；　140，　625　（1941）．
4）　Beat，tie，　」．　et　al．　：　Nature　153，　525　（1944）．
5）　Eddy，　J．　H．　Jr．　：　Am．　」　Med．　Sci．　210，　5’74　（1940”）．
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poisoning，　DrillG），　｝linkle　and　others’）　including
several　others　stated　that　scarcely　any　evidence
of　beneficial　action　could　be　observed．　Though，
as　a　matter　of　course，　the　quantitative　exper－
imental　conditions　of　hepatotoxic　agent　and　of
methionine一　must　be　taken　into　consideration，
Miller　and　Whipp工e8）・9）have　attached　a　great
lmportance　to　the　time－ele皿ent　existing　between
methionine　administration　and　chloroform　ad－
ministration．　They　observed　that　though
methionine　administration　after　4　to　6　hours
following　chlorofor皿inhalation　was　ineffective，
it　was　remarkably　effective　when　administered
after　3　to　4　hours　following　inhalation8’．　They
also　observed　that　methiohine　more　remarl｛ably
protected　injuries　from　chloroform　when　ad－
ministered　prior　to　the　inhalation9）．　The　author，
with　consideration　to　the　above，　has　carried　out
the　present　study　by　administering　methionine
before　chlorofor皿injection．
　　FirStly，　no　new　developments　were　found　in
the　degree　of　i皿pair皿ent　in　the　results　of　BSP
test　when　chloroform　was　injected　af亡er
methionine－administratlon，　as　compared　with
those　of　the　control　study　reported　in　the　last
issue．　Nothing，　therefore，　can　be　said　to　be
the　direct　cause　of　the　effect　of　methionine．
Yamazaki’e）indicated，　after　his　experiment　of
carbon　tetrachloride－hepatic　injury，　that　he　could
somewhat　shorten　the　course　of　time　required
until　recovery．　According　to　the　present　study
of　the　author，　however，　we　can　not　acount　for
such　a　tendency．
　　The　same　may　be　said　of　the　alteration　of
the　results　of　serum　cobalt　reaction，　for　no
settled　tendency　could　be　observed　therein，　but
the　results　were　so　conflicting　that　nothing
could　be　pin－pointed　as　evidence　of　the　effect
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of　methionine．
　　But　the　conditions　exceedingly　differ　with
serum　eholinesterase　activity．　When皿ethionine
was　admi istered　prior　to　the　hepatic　injury，
ser u 　activity　of　the　enzyme　has　a　tendency　to
・increase　slightly．　The　decline　of　the　enzymatic
act vity，　which　was　observed　in　the　control
experiment　after　hepatic　injury　induced　by
chloroform，　cou工d　no　more　be』observed．　On
he other　hand，　a　temporary　or　a　very　slow
increase　in　acbivity　was　evident，　which　rnay
be　regarded　as　th 　result　of　hepatic　stimulation，
or　due　to　a　t mporary　discharge　of　the　depot
enzyme　from　the　liver．
　　Ch linesterase，　in　human　and　canine　sera，
belongs in　proper　to　the　so－called　non－specific
cholinesterase　in　its　substrate－specificity　and　in
its　manner　of　suppression　by　enzyme－inhibitors．
Its　relation　to　acetylcholine　metabolism　in
neuro－muscular　system　is　not　so　distinct．　Re－
sults　 f　serum　cholinesterase　estimations　in
disease of　nervous　system，　in　allergic　states　and
　pundocrine　disorders　etc．　have　been　reported
by　Ant polii），　HcftzardiL’），　Kil〈unoi3）　and　others．
However，　it seem　s　that　nothjng　has　yet　led　to
th conclusion　of　this　problem．’　lt　i＄　rather
the l ading　concept　that　serum　cholinesterase
has　no　d r c亡connection　at　a11　to　acetylcholine
metabo工isnl in　neuro－muscular　syst㎝in　general．
　　On　the　other　hand，　serum　cholinesterase
unde go s　a　remarkable　fluctuation　in　cases　of
liver　diseases．　Therefore，　Antopoli4），　McArdlei5），
and　others　advocated　the　possibility　of　applying
its　determination　as　one　of　liver　function　tests．
Later，　Butt　et　aL　iG），　Farber　et　al．i”），　Ale：aldeiE），
Brauer　and　Rooti9）　and　many　others　all　support
this concept，　and　we　have　also　Niitsu20），
Okinaka2i），　Sato“tz）　and　others　in　this　country
who　have　repor ed　identical　points　of　view．
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The　author23）　has　’also　reported　his　clinical
experiences　in　serum　cholinesterase　determi－
natiQns　by　means　of　Hest．erin－Miyazaki’s　method，
which　showed　almost　specific　fluctuation　in
liver　diseases，　with　accurate　parallelism　with
clinical　seriousnesSes　of　the　diseases．　As　for
the　physiolDgical　interpretation　of　this　phenom－
enon，it　is　the　leading　concept，　after　Brauer
and　Root19）1．　that　the　enzyme皿ay　be　synthesized
in　the　liver，　and　that　its　fluctuation　represents
the　state　of　protein－synthesizing　function　of
liver　cells．　lt　may　be　said　that　it　is　not　yet
fully　clarified　whether　serum　cholinesterase
accurately　represents　the　i’fltrahepatic　protein
synthesis　or　not．　This　may　be　discussed　in　a
future　issue　of　this　serial　study，　where　electro－
phoretical　’and　polarographical　analyses　of
serum　protein　is　intended．　The　prob工em．　of
cholinesters　related　to　the　present　method　is
also　yet　unsolved；　it　is　intended　to　be　reported
elsewhere．　ln　any　event，　it　seems　to　be　an
interesting　fac’煤@that　in　a　methionine－treated
dog，　serum　cholinesterase　alone　indicates　a
specific　prQgress・，　which　might　be　deemed　as
the　effect　of　methionine，　although　the　other
liver　function　tests，　such　as　BSP　test，　indicate
damage　of　a　no　greater　extent　when　compared
with　eontrol　anirnals．　What　may　be　considered
as　the　ccftuse　of　this　dissociated　phenomenon，
placing　liver　function　itself　jn　the　centre　of
medit’ation，　is　that　in　liver　cell　damage　due　to
chloroform，　cholinesterase－synthesizing　activity
may　not　be　injured，　or　if　injured　to　a　certain
degree，　the　rem・aining　healthy　portions　of　the
liver　（perhaps　the　peripheral　zones　of　liver
lobules）　may　have　acquired　increased　functional
abilities，　or　an　increase　of　cholinesters．
　　Increased　serum　all〈aline　phosphatase　activ－
ities　were　observed　in　methionine　pre－admin－
istered　dogs　w’ith　hepatic　injuries，　in　a　sam　e
rnamier　as　with　the　control　animals．　The
rates　of　increase，　hQwever，　were　generally　less
intensive．　There　are　many　conflicting　concepts
conceming　the　mechanism　of　incirease　of　the
enzyme，　in　case　of　hepatic　injury．　But　it　is
almost　impossible　to　explain　the　increase　by
a　hypothesis　that　it　is　due’　to　the　increased
biosynthetic　function　of　the　enzyme，　as　surmised
gen lly　from　the　histochemical　investigations
of　the　liver．　lt　may　also　be　impossible　to
explain　 he　increase　by　“decreased　bile　fiow”，　for
inc eased　enzymatic　activity　may　be　observed
even　without　 bstructivθjaundice．　It　see血s
to be　natural　to　think　that　it　is　because　of　the
impaired　fullc亡ion　of　th．e　liver　cell　itself，　which
acts as　an　ejector　of　the　enzyme　of　extrahepatic
origi into　th 　bile．
　　Fro皿this　pDi t　of　view，　it　may　be　cOncluded
that　the　above－reported　data　indicates　that　the
rates　 f　Jiver　cell　injury　due　to　chloroform　are
somewhat　alleviated　owing　to　methionine－
admini trations．　Heretofore，　though　the　pro－
tec亡ive　action　 f　m　ethionine，　against　chloroform
hepatic　injury，　has　been　accepted　clinieally
since　Eddy”），　Beattie4）　and　others，　experimental
evid nce　of　the　fact　h：一：s　often　failed　to　be
acl〈nowl dged．　Of　course　it　rnay　be　partly
due　t the　time－element　existing　between
me hionine－administration　and　chloroform－
adrninistration・　lt　seem　s，　however，　that　in
greater　part it　may　be　due　to　the　quantitative
relationship　of　methionine　and　chloroform，　and
to　the procedures　selected　for　liver　function
ests．　ln　the　present　study，　the　protective　action
of m thion n 　against　hepatic　in，jury　has　been
confirmed　by　means　of　serum　cholinesterase
a d　alkaline　phosphatase　determinations．　lt
may　be　sai ，　therefore，　th　at　the　above－mentioned
fact　is　convinc ng　proof　to　the　significant
connection　of　the　amount　Qf　rnethionine　retained
in　the　liver， o　the　protein－synthesizing　function
of　the liver，　including　cholinesterase－synthetic
function．　Th　e　experimental　observation　by
Kikunoi：’・），　who　informed　th，　at　hepatic　choli－
nesterase　activity　lessened　in　consequence　of
met ionine－deficient　diet，　may　also　be　evidence
of　the　fact，　from　another　point　of　view．
　　　　　　　　SU皿mary　and　Conclusions
　 ’1”he　course　of　the　fluctuation　of　BSP　test，
serum　cobalt　reaction，　serum　cholinesterase
act vity，　and of　alkaline　phosphatase　activity，
when 30　g　of　methionine　has　been　administered
Per　os　befor chloroform　hepatic　injury，　was
studied．
23）　Anzai，　T．：　Sap．　Med．　J．　3，　154　（1952），
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　　！）　As　Eor　the　BSP　test，　no　re血arkable
difference　has　been　observed　as　compared　with
the　control　experiment　desCribed
report．　Nothing，　therefore，　may
for　the　effect　of　methionine．
　　2）　Serum　cobalt　reaction　also
in　 he　last
b 　ascribed
showed　n
difference　in　the　fluctuations　as　compared　vvith
the　control．　No　specical　tendency　can　be　observed
which　may　be　ascribed　for　the　effect　of
methionine－ad皿inistration．
　　3）　Serum　cholinesterase　activity，　on　the
contrary，　was　reveaJed　to　show　a　remarkable
difference　as　compared　with　control　studY．
Decreased　activity　due　to　chloroform　hepatic
i皿p irment　could　scarcly　be　observed，　and
moreover，　so皿e　of　the　animals，　if　temporarily，
show 　a　tendency　to　be　more　active．
　　4…）　Seru皿alkaline　phosphatase　activity　gen－
erally　increased，　in　a　like　manner　to　the　control
experiment．　However，　the　rates　of　increase
were　gerierally　slight．
　 5）． Acc rding　to　the　present　data，　it　may　be
acknowledged　that皿ethionine．　provides　protec－
tion　against　hepatic　injury　in　executing　the
functions　of　liver　cells，　and　or　at　least　influeneing
their　function　bf　biosyntheses　of　protein，　such
as　choline erase．
　　　　　　　　　　　　　　　　　　　　　（Reeeived　Mar．　18，　］，954）
